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' RESEARCH ONLEARNING STRATEGIES AND
* HANDS-ON TRAINING IN CAL . .

L I, INTﬁDDuCTJéN

. This report CDVEFS a ger1a' DF thFPE and three quartﬂr years
Fr@m 1 January 1975 thSD September 1978i. The work perf@rmpd dur1ﬁg thw;
interval qaz c@ncerned w1th twa major research areas: 1n5truct1ona1’%3éﬂry

and qeve meent of a ma1ntenance tra1ner 51mu1atar The DFGjECtS re1ated

* =

to instructional theary wergl;:gua aﬂalagggs of abgtract cuncepts, :
( H

- Markov dEELSTDﬂ models forl1n;truct1ana1 sequence opt1m1zat16n, electro- -

- - - - . 1

physioTlogical Ccrngateé of cognifive processing, cognitive strateg%és
for text processing, and beuriéiié‘teéhn%gue; for logical problem solu-
tion. The, research Gﬂ“thééé~fﬁ5tfuctiDﬂaﬂ theory tonics was primariiy_'

canducted in Jaberatcry env1roﬁment5 ' Tﬁe résearch on ma%ntenance
i .

,trainer~;1mu1atar5 1ﬂc1uded test1ng Df the research pr@ducts in Navy
! W .
- §choo] EﬂV1FOﬂmEﬂt;i

Duriqg this éériad, ﬁi'tecﬁnicaT iépaﬁté, %gzeh'chap?ersign_béoks
and publications in professional jou%naiss éﬁdiniﬁé péﬁEFS:fér,prFéSa
xsiDna? meetings wére pradUcez' The maintéﬁance trainer-simu1atar dévé1opéd
and tested under th15 QDntract is current?y be1ng adapted’ f@r use in Navy

Ciasifg Sch@b15. under a contract. sponsared by the Navy Persanne1 Research*

~and Deve1apm6nt Center and the Defense Advanced Research Projects Agency

#

, Further app]1sat1ans for the tra1n9f are’ be1ng 1nvest1gated

;A =

BTL research on 1ﬂstruct1anai theory during the aqust four- year

. —‘TAV.’_ e \Eg_

—_—— e e —

per1ad of - the chtract ref]Etts an THCFeaS1ﬂQ awarEHESS of . advances in o
cognitive prcce551ng theory This research repregents an attempt to Y

apply these advaﬁces tG 1ﬂ5truct1onaT contexts. Cogn1t1ve models and’

-1-
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| experimenta1 resu1t5 guided thifevo1utiaﬂ of our research in this Ared.,

w1th “the excépt1an of the wark.nn Marktv mﬁde1s for 1n5truct1gna1 opt1m1za—

-t1on, all five of the prajécts carried out on 1nstruct1ona1 theory were
1nf1uenced by cogn1t1ve psychD1ogy mudels In part1cu1ar, the recent '
work on 5§}ateg1es for text process1ng was gu1ded by a cogn1t1v“ prmcﬁgs1ﬁg
model, deve1aped in a schema ihecry f‘rameworka of the read1ng prac&s& .
BTL research has also been 1n51uenced by. advances in 1ﬂerdct1@na1
delivery technG1Dgy MDV1ng with the rapidiy evolving compgter'ﬂndustry‘.
'mare prerfu] yet smaller camputer Systems have been employed. 'In nge
cases, BTL staff des1gned and bu11t hardware canf1gurat1an5 FQF computprﬁ
based instruction that are only naw being ofFered off the shelf hy com- {
puter campan1es or per1phera1 manufagturers. (FD&\?xamp1e, a caméutEP
; 1hterface to control a m1gr0f1che projector was developed in our Taho~
Aratory before any were made ava11ab1e ﬁ@mmerc1al1y ) A1though some of
the reseaﬁ:h done under thﬂs cantract made use of a 1arge time-share
computer system Specifica11y degiéhed fDP CAI (the PLATO IV System)g ‘\
tthere. has been a trend for our research to move away from the use of
such . large systems toward single-user diske baSed m1cracgmputer systems.,
 Future BTL effartt are likely to cant?nue to Exp1a1t the 1Dw cast, IRE
ab111ty, and ava1Tab111ty features af such micro systemf | In addwtioﬂ,
‘much of our future WDFk W1]1 exn101t the new Software transoortab111ty
' fgétures of. the UCSD Pijga1 operating system

: In the: remdaining sections of this report, progress . in each of six

magor research areas 45 reported The first f1ve tQpTCS can be qrauped

R L

Uﬂder the genera1 @éad1ng of “Instruct1@na1 Theory Tand AL The tayt—

' t@p1c deals with. ﬁ%e development and testing QF the R1gney tra1ner~ “

-simulator. ¢ , ' 3 ),

et
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- 11, VISUAL ﬁNALD%IES OF ABSTPACT CONCEPTS |

Three techﬂ1ca1 Peportf and a pub115héﬂ paper vn the. Jour4§1 f

‘ Educat1ana1 Psycho[_gy CRﬁgﬂEﬂ & LUtzi 1976) ﬂ9§cribed work on the effects

of v13ua] analogies From 1975 tG 1978 “The wark was:mot1vated. in part,

' by :| de51re to explore ‘the effects Df r1ght hem1sphere, 1mangaT pro-

r,

.7 CDHCEPtS to be- TEarned,‘uhen CDﬂJG1ﬂEd with a traditional verbal EXDDS1--a!’

c

¥

\

!

A

cess1ng on retent1@j{DF re]ative1y abstract 1deas Menta1 imagery, it -
f

was Fe1t cou1d be expected to prev1de a duaT cad1ng of the abstract

!

t1an Gf fhe concepts The axTStence Qf such a dua1 code in the mind DF i

\ LY

- a student was expected o 1mpr0ve the prebab111ty Gf recall QF the cgncepe”

o) e ? . " . i

tual mater1a1 Sy S n

The’ exper1ment5 to . Lest these hyp@thases made use of SBEC18]

1iﬁstruct1an51 materia1s d@ve1apedx§t Behav1qra1lTechnolagy Laboratories,

dea11ng w1th E1?CtFDChEN1StWy fﬁa@ina] and nDnefmagina1'techniques'were

cﬁ%pared in twc ccntexts *1n1t1a1 agdquisition of cancents and rehearsal

' Df-coqgepts for recall, - Sevenal study techniques and concept DFESEntatTOn

a = =

" modes- viere tud1ed 1nclud1ng experimenter -supplied 1nt@ract1ve graph1

s

’add1t1aﬂé1 wr1tten expTamat1an0F cancepts, student generated 111u5tra—

,t1@ns, student paraphrasess “and menta]]y generated verb&] ana1og1es .The

résuTts of the series of StudTQS show that in the case DF 1n1t1a1 acqu1=

L

) 51t1on Qf the abstract cancept, used, experimenter supn1ied 1nteract1ve

-graph1c5 re5u1ted in s1gmnf1cant1y bettEF TECE11S ' For past acqu151t1on

%

‘»pract1ce w1th the donceptsa the most effective means’ of 1mpraving reca]]s

- Was a method 1n which Students were gu1ded to recanstruﬁt a graph1c_“ o

¢

illustration of the concepts.. The results af the?% exper1ments suggest
: , : : ...
quidelines for the use of graph1cs feataigs in CAT.- -
< . hd . B 9 . = - i
a3
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Joseph W, Rigney & Kathy Al Lutz, The effects of interactive graphic
analogies of concepts in. chemistry, May,1975. :
: , Retent advances in knowledge about the différent information
- précassing functions of the right and the left cerebral hemispheres,
and laboratory studies of these different functions were-reviewed for
their implications for training and education. The evidence is that
the right hemisphere is specialized for spatial and tonographic imagery
pracesses, while the left is specialized for terial, analytical, lan--
guage processes, The two Hemispheres have different deqrees of access
to the vocalizing system on the midline, whith is primarily under the
control of the left hemisphere, and to the motor systems for the right .
and left hands, Under certain conditiohs, the left hemisphere cam
override control over these systems by the right. The task that is
given to the subject; the-orienting task, not only determines the -
subfsequent -information processing done to mediate responding, but also
influgnces wheve this processing is done in the, cerebral hemispheres.
Recent studies of the effects of mental -imagery on Tearning and memory
predomingntly find strong positive effects., In verbal learning whatever-
mental imagery adds, a spatial organization, an-iptegrating context,: or
a second coding, it is clear that it 'results in better retention and
recall in.the Taboratory. ) = : S S

Yhe implications of this for training and education are that .
‘the right-hemisphere functions have been relatively neglected, in the
. predominantly verbal mediativn of instruction and knowledge, The
‘thallenge, t0.fnstructional technglogy is to ytilize the dual-coding.
system morg effectively. B S

e oo,

The first-of several planned studies, ustng interactive, animated \
graphics for:illustrating ‘the abstractions, concepts and laws of science, '
and for stimulating imaginal processes in studentsy is described in this
report, It was found that these graphics did have positive effects on ‘
the learning of concepts in electro-chemistry, as measured by recall
‘testy of knowledge, comprehension, “and’ application, and that the lesson
containing these graphics was more.attractive .to-students than a lesson
in which purely verbal explanation was used. Subjects who took ‘the
Tesson providing external imagery reported experiencing-more internal _
imagery than did the subjects who receivetl the verbal version. B L
: ~ Thesé positive outcomes encourage further: research into (1) better
methods for inducing mental imagery in ‘students than verbal instructions. -

- (2) theawetfgaiffaﬁndationg*f@rrthefprocessingigffextérﬂa1.imagéry relating . =
it to current theories of the structure of long’ term memory, and-(3) :

+ objective fndicators of mental imaging that would be more reliable than .
verbal repovts of subjects. sl e e .

)
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Joseph-W. Rignay "& Kathy A. Lutz, Thé{éfFects,éf‘ihteractiVé'graphjé '
analogies of concepts in science, August-1976. ,

L

L
-

' S In-this serfes .of three studies, interactive granhics, using
the plasma-panel,.touch panel interface of the PLATO system, were used
to simulate the  topographyand functions of a battery, to teach ele- . :
- mentary sconcepts.in electrochemistry. The effects of these graphics .
‘wére compared with, verbal-descriptions of the topography-and functions,
in otherwise equivalent lessons; and with playing checkers for the: same .
_amount of time a5 uged by postlesson-conditions requiring subjects 'to
. reconstruct the graphic simulation from memory, or to attempt to- imagine
"mental images of these graphics. The principal ‘conclusions supported by
the results of these studies are, as follows: : - : -
1. As used here, interactive graphics were rated by Studéﬂts'th\

i

be a more inturesting way to present information about ‘abstract concepts
in science, and therefore may have received more attention during acqui-=
‘sition than did a purely verbal mode of presentation. lHen c¢orrected
for the.effects of prior knowledge, mean scores. on verbal and graphtcs.
posttests werk slightly, but significaotly higher for lesson and post-
lesson conditions containing interactive graghics. -Mental. imadery could
be another sourge of these effects. Students in Experiment I did report
that the graphics in the lesson induced mental imagery while they were
taking the lesson. However, the attempts of studerits in Experiment II. .
to recall menta) images of lesson material did not increase scores on .. -
the -posttest, im comparison to the ccptro]%grqua; - o D

2. Interactive- graphics, as used here, evidently are-most *
effective during initial acquisition. -Requiring students to reconstruct
the graphic simulation after the initial lesson contributed less to
verbal posttest performance. However, this postlesson condition did .

Cresult in the acquisition of additional information, reflected in higher
‘scores on 2 graphics posttest in Experiment I11.- These results sugcest
. that both shallow and deep processing, in the Craik and Lockhart sense,

', were- induced by this postlesson -condition. ' ' K

i ¢ 3. Tha fact that students were able“to deal with both topo- .
graphic and abstract conceptual information in either verbal or graphic
Form, suggests either the same déep structures in LTS, or rapid trans-
formation 6f different strdctures in LTS into a common representgtion .
when necessary. . The current version of semantic network thgory of Long
Term-Memory (Rumalhart and Ortony, 1976), gives a plausible account of

 __this capability in terms of a common basis for storage and processing

- of both -graphic and verbal information. - -. R

, 4. Tt should be pointed out that these studies dealt with fixed
effedts variables, and that there are many other relationships between
graphics and verbal modes of presentation that were not explored here.

-5-
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In some of these, one mode would complerent the other. So t hat both-

# would be required to convey the essential inforrmation or to erab-e the
desired performance. Such would be the case where interactive grapbics
are used,to répresent the front panels of equipment and Stu demts oo era-te
on ‘these interactive graphics in ways analogous to operating on the ’
actua 1 equipment front panels. Or, the graphics might contain info rma
tion onty referred to verbally, a common usage for diagrams ov photc-

4

graphs in‘ texts . ‘ v

v

A f“‘lﬁ other cases, the dynamics of processes might be so cbrpl ex
that “verbal description becomes too long and ¢Jumsy. Andima ted gTanhics
would allow the student to attend to different parts of the animati on -
at will, and rapidly comprehend the implications of the analogy Or
me taphor, Fhe internal workings of a transistor” cone to mind as an
example... Here, it might be advantageous to depict electrons and holes
"flowipa,” junetion phenomena changqing, and the "flow' of currents in
fo rwerd and reverse biesed loops all at once, sC that the student c:m;;)
integrate these-events rather quickly intc an overall comprehens ors o
how a transistor works.” In this case, simultineous animation of many
re lated events would be a unique contri bution to dynamic graphics, sirce
ve rba 1,des cription.is necessarily serial. This usage of arimated graphice
would , \howevér, require a plasma panel capible OF wri +ing and erasing at
hi gher data rates than currently available. -

4 B
Ka thy & . t‘ﬁms & Joseyh W Rianey, The effects of studen t-cenera ted
' e] abpra tion during acquisition of concepts in sclervce »
September 1977 '

TR No. ,12

This 1 the last of a sertes of studdes of exper imenter and s Zudent
supplied cogritive strateaics for acquisitionand retent iorn ofconcents

in ele. Lrochemtistry was used as the subject ma=te”
canclusions we belfeve are varrented by the re-
sults of these studies ps follows. The most ef “ec tive strateqy for fao |
itating acquisition cofsisted of experimentev-supp lied, interactive graphic
analogi es that supplegented verbal description, in comparison to aclyi Tiomal
verbal explanation. [Two eaplanations for these posi tive effects wou1d De
that these graphic apaloyies captured the students ' attention more of Foc -
tively, and that they provided an overall structure, by which indiwidual
concepts could be in cirelated. serving as a type of organize

in science. N lesson
in these studics.  The

Student-supi]ied elabaration, in the form ot payaphra sirtt, W awl ng
i1lustrations,or thipking of verbal analogies for ver-bally described
concepts in the lesspri, was less effective durimg initial acquis it on
than the experinentgr-supplied graphic analogies, and no more effecti v
tran us ing the samg/ amount of tine to o through the lesson twice. HOw-
oaver . drawing i1lds trations of concepts in the Tesson was the mst effec-
tive of theseeTaboration strategies for students with 1ittle or nadpmion
krowledge of the subject matter.

e
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, ifter acquisition coding has occurred,- the most effective strategy
inpvestigated #*n these studies was a postlesson review in which students
were reguired to reconstruct the complete graphic illustration of the

" elec trochemistry of a battery, by touching appropriate spots on the dis-
play screen. This review may have forced the students to do processing:
that integrated the various eTectrochemical concepts. .Attemptst0 induce
ctudents to review the lésson by generating mental jmagery n which they
visualized the flow of events in a battery was not an-effective review
stra tegy. : o .

e



+

{11. MRKOY DECISION MODELS EOR INSTRUCTIONAL
S EQUENCE OP TIMIZATE OK

-

Two tethni cal reports extended an earlier nodel (Wollmer; R,
A Markow Decision fod el for Computérpided Instruction. Los Ancel es:

Undversity of Southern California, Behzvioral Technology Laboratores ,

= -

December, 1973, Technical Report Mo, 12), produced under OMR Contract

5

NOOOT 4-67- A-0269-0025 . Tris research wis conducted from ‘the onset of the
§Dﬁtriéc*t until March 1976, The first of the two reports was dezigﬂeg to
evaluate the Wollnser model ina CAl conte Xt . ’ =Jwb§exp§r1' merts Vwaei pé T
formed to test the ef fect on learning of using tﬁe mocdel to ootimi 2e
practice s chedules .  The results did not %e,v'ea”al a significant improvement
in amoynt learnmd when the optimizatiorn system was used. These resul t;
suggest , first, that nurber of prattice trials may be less important than
other factors far trples tasks, and, second, tha t' cormpl ex ta sks may
require very large numbers of [:n“af;t'i’ ce trials to ensure signiﬁc:;aﬁt prac
tice ef fects.
£*

The second tehinical report, which »as the last in the serdes,
furfhe developed ol efined Lhe Holliner approach. A mathematical treat-
mexil of pg;t’fai |, wbmo vabile Harkov Jes!s lor pToces ses wsing 4n inﬁn\[(f

planiin g Four TLu o s de ve %xDp Ll Al thueght LFIE ayslen ws deve lopied fur

costpute @ tded lp=tiact o applicaltons, it has wide, aprpl cabiTit,

f!
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Ri chard D, Wollmer & Nicholas A, Bond, Evaluation of a Markov-decision
‘mode 1 for Ynstryctional sequence optimization, October 1975,

-

Wollmhr's Markoy Decision Mode!l for instructional sequence
optimization was investigated in a computer-as&isted instruction (CAL)
context . Jwo special CAI programs served as vehicles for testing the
nodel; onge program (K-Taws) taught the studénts to solve DC circuit
problems fsing -Kirchhoff*s Laws: the other (TR1G) gave practice in
nanipulating the six trigonometric ratios. The K-Laws course had
elevan stages or levels: TRIG had.five; both courses were arranged in

3 hierarichical order. The Wollmer\model requires that transfer would
occur from one stage to the next in a hiearachical learning sequence.
ard ~ny= tne=e ef fects could be estimated so as to produce an optimal
trairifg scnedule.  To deternine the effects of additional practice.
half the calibration sample was required to finish one successful trial
ard nil < were required to'have two successes, before moving-on to the
net Ktage . Thirty subjects took the K-Laws course, 80 completed TRIG.
Irstrfuc Zior was given at individual (AL terminals.

7

ATl subjects Finisﬁed,the course, and learned to QEffaéﬁ catisfac-

tori 7y, “he final criterion behaviors. Practice effects were unexpectedly

sTignt, people who hHad ome success at each stage of the course-had about
Zine criterion-problen performance as thpse who had two successes

b ughout . The average time required tO achieve a second success was

o gppﬁec;§51y different fFom that required for the first, and two

Licesses dt the immediately preceding level was no better than one, as,

ol as <rans for to the next higher stdge was concerned. These results

irndifcated that the Wol lner nierarchical model could not improve overall

learning much by “optiral’ scheduling of practice.

! drw dmplication of e findings 14 that in crmplex learning hierar-
ks where the top o rost difficult tosk onsisas Of a collection of
previvusly-learned shkiils, perfornance tlne on that Tgp task may De More
dependent on the number of subski1ls involved than @Bop the number of,
pric tice trials in preceding stages. Another implication. is that if

priac tice and transrer effects are t@ De significant in learping this
kind of hierarchically-structured mdterial, then-a very large number of
pﬂrtmé crials wmay be nelessary.

L
-
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" by a probability vector.’ : ;
- forms tHe system to 3 new state and yields an obseryable outcore. One f

o TR No.T7 - RN

f--Richardeé Wollmer, Partially ééSéfvngE.Mérkov dbcision processes, ovir

an'infinite planning horizon with discounting, March 1976.

& a

¥

¥, : . . . ! .
. This"is the last in.a series of technical reports concerned with
nathematical approaches to instructional sequence optimization in
P tructional systems., The problem treated- here is very closely re-"
lated. to that treated by Smallwood and Sondik (4). Both papers .deal Ve
with Markoy decision processes where the true state/of thE systen is
not known with certainty. Hence the state of the fys tem is characterized '

Fach action yields an e;;écied rewiglrd, trans-,

to maximize the total expected reward,

tris probler exactly for a finite time horizon. THis report tredys

the infinite time.horizon with a discount factors~using a partial {

dimens ional Ma€laurin seriet to approximate the total o6 timal rewand
as a funttion of the probability state vector., While-this model was
developed for computer aided instruction, it is applicable to other

situations as well. '

wishes to determint an action for each probability sitate vector spras
Smallwood apd Sondik (ﬂ)<§D}ve

This mode) also is of considerable theoreticel

value.

10



This Tine of research, which had begun before the inception of
- " . - i ) ’ ’
contract here reported, culminated in July, 1978 in a technical

. - s . . %
ort describing the reswlts of an ;arduous Ser1e§ of experiments.

cia} purpase data collection instruments were devisgd and built,

cfriéa1 ﬁDiSé %hie1diﬂg was designed and imp18m§ntedi and special -
tware for data tD11éCt1Dn and analysis was written and tested.

«The qoal of the re;éarch was to relate e1ectrﬁphy31o1ag1ca1
nomena to ongoing cognitive activities. Subjects were required to
ve_Fiveﬁ1ei£er angagaéz. Solution agh%éveméﬂt was signalled b;:
ssing a minaswitiﬁ, Elec -troencenhalographic activity and time to
g£iam were recorded from the onset of each stimukus. Sixty stimulus 5

- b i}

Wers EET cted from lists of abstractness and usage frequaﬁ§¥

o

fourt stimulus groups: 1) caﬂcr@te/h1gh frequency, 2) concrete/
‘y: 3) abstract/high frequen;%w and 4) a?%tﬁact/iaw frequency .
the solutiun tiine data showed that abstractness and frequency
1 had significant eftects, with no interaction. Analysis of the

troen 'e haluwaphic Jala showed that anagram solution and recogni-

{ Qf non-scrantled (o1 ds wvere boulh fu]?uwéd by a positive shift, which

o

be related to Jecislun oroceszes.

7
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B = = —— *
Louis A.*Williams & Joseph Wi. Rigney,~tlectrophysiological correlates of
coqnitive activity: Event -related slow-potentials developed during
solution of anaarams, July 1978. : .

5

LY

Electroencephalographic (EEG) activity and time to solution were
recorded for sixteen human subjects-during a task requiring the solu-_
tion of ¥ive letter anagrams. ~Solution achievement was signaled by
depressiny a microswitch. The sixty stimulus anagrams were selected
from lists of abstractness and usage frequency to *form four stimulus
groups: ‘1) concrete/high frequency, .2) coficrete/low freguency, = .

3) abstract/high frequency, 4) abstract/low frequency. Stimutus.words '
-wehe presented to subjects in a randomized order interspersed with a
non-anagram recognition-word TANGO). or a blank scrgen (BLANK). Stirulus .
presentation was under conputer control and displayéd upon a cambuter CPT.
Solution time was subjected to antanalysis of variance.. Abstractness and o

freauency were both significent. Abstractness had the greater effect

upon solution time. There were no interaetioneffects. Concrete (1ow
abstractness) anfgrams were solved move.quickly tham absjract yhadrars,

‘with the effect/of: frequency of usage additive to solution timés:. This =,
result was congluded to support, but not confirnya. paralle]l processing
hypothesis: conscious processing concerped with anagram letter re- .
arrangemght, and simultaneous unconscious processing concerned with '
retrieval of, possible solution words from long term memory.

The EEG was analyzed py Fourier methods to determine frequency
and amplitude content. A coherence analysis was performed upon
selected segnents of the EEG pre and post reshonse. Visual analysis
of individual trials was accomplished through a computer developed
super-impusition display. Displayed trials were organized by correct
or incorrect solutions, failure to achieve solution (TIME-QUT), TANG"
or BLANK ‘resentations. ‘The development of a negative shiftgfollowinc
“stimulus €nset in all except BLANK trials was revealed. Trialdyn which
a correct solution was achieved, or TANGO recognition occurred. showe
a4 reactive shift to positivity at about 350 milliseconds laténcy. Thas
identification was supported by the analysis of coherence. The negative
shift was concluded to be similar to the Contingent Negative Vartation
(CNV). The positive shift was concluded to be a P300 wave. The CNV-
Tike shift was related to selective attention-selective responding
demands of. the paradigm, The P300 was related t@,decisi@n processes

allowing @ relaxation of attention and responding.

(g
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A~ V. COGNITIVE STRATEGIES FOR TEXT PROCESSING .

{ Work Win this area was carried out from January of 1976 to the.
énd;of the C@Q;fﬁfi; FDQF technical reports and four chapters in books
descr1be the r sults of the research. (The 135R\Qr ‘zeze reports, Tech.
Rep. No. 85, wasgco spdnsored’ by the Defense AdvaﬁL*u;hgsearch Projects
Agency under co zlratt NGOD 14-77- C D 128 ) These technical reDGrts mark -
four stages in the 1ncept1@n of a 1arge effort to understand the nature
of some of the higger cognitive processes iqva1ved in reading and tg', .
apply the findings to the devé?@pment QF training programs fﬁr job- |

aot . .

I W

related reading.
In the first ot the four reports (Tech. Rep. Ho. 75{/’5ﬁ,éitéﬁ5dvé

survey was made of many recent trends 1in cognitive Acience ani neuro-
N ¥ ]

science which would bLe espected to have an impact on instructional theory

‘and practice. Ona of the many concepts’ introduced in this paper was that

of the relevance inpestttypé to reading in general and job-related

. . ’ ! . .
reading in pdf(liuﬂar,= [t was suagested that not all texts are of the

iamé type--the, Giffere 1 1. . . al and se-antic characteristics

which can Le especed to have i lications fur what and how much of the

informatiun the, uﬂ\tain il Le revwmbered after reading. The second

f

by (Tech  hew S 80) expanded upon this there,

?EPGFT tn this serd

ical viewpulal un the role of text-type perceptions
,' . ?

presentinyg a thevre
in reading. A ﬂumb,ﬁﬁﬁf reading strategies were discussed within ‘the
theoretical context prupudanded [\, the third paper (Tech. Rep. No. 81),

the theoretical undefpinnings of the preteding paper were exarined 1n

greater detail. The jtheoretical framework was extended to cognitive

Vf,

Ay
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‘tasks.other thaﬂ reading, as well. In the fourth report of the series

(?éch Rep ND 85), the theoretical mechanisms,déve1gﬁed in previoqs

reparts are app11ed to--a particular expér1menta1 situation and pred1ct10n§

for the memorability of prapos1t1@n5 in different types of.texts are made.
\_
k“TES results of a series of experiments designed- to test these pfedicfﬂmnt

b
are reported, the analysis of which supports the major aspects of the -

theory. The experimental results suggest that the theoretical approach
may serve to generate.useful reading strategi§§,‘sensitive to the type
of .text beingtread, which can improve learning from texts of different

types significaﬁtwy; S S

TR No. 78 \\

Joseph*W. Rigney, On ;Dgn1t1Vp strategies forl facilitating acqu1s1t1ﬁn,
retention, and retrieval §n training and education, May 1976.

]

=5

Thee idea that students could be taught to be more effective learners,
in distinction to being taught subject matter, is explored in relation to
recent advances in the cognitive and neurosciences, with the objective of
integrating information from these sources into a un1f1ed viewpoint that
could serve as a roadmap for research and as a context for discussion.

Acgcording tu this viewputnt, cognitive strategies for facilitating
acquisition, retention, and retrieval of information and of performance
are composed of specificatiuns, called orienting tasks, for how cognitive
processes are tu be used, and ot cognitive processes drawn from repre-
sentational., seleclional, and self-directional resources. Representa-
tional resources include pr@pna1t1ana1 and appositional processes of the
left and right cerebral hemispheres, chiefly language and imagery.
Selectional resources consist of attentional and intentional processes.
Self-directional resources include self-programming and self- -monitoring
processes. Possibilities for teaching students better control over
attentional and intentional processes, by using neurophysiological
indicators, particularly to reduce self-aenerated distractions during
learning, are noted




et

Contepts of processing capacity, depth of processing, expended oro-
. cessing capacity, resource-Limited and data-limited processing, top .
down-bottom up processing, and graceful degradation of outnut, advanced-
by several different theorists, are considered in terms of possible sources
of Thdividual differences, possible electrophysiological indicators, and
~implications for cognitive strategies. The importance of long term
memory in learning is recognized. Three types of long term store (LTS);
semantic, episodic and mqtor, are described. Semantic and epispdic LTS
are of great current theoretical interest. Their implicationy, particu-
larly of semantic LTS, for acquisition, retention, and retrieval are
discussed. Norman's concept of web-learning is an example. The additidnal
requirement for some kind of LTS for controlling skilled performances is
* noted, and two recent theoretical formulations of cerebral-cerebellar
roles in this regard are reviewed. o
: !& . 8
bt several kinds of subject-matter are described under information and
-performance and these are tengﬁtive1y\crazs=c\assiFied with types of
Tcnyg ter. memory and strategies for acquisition, retentfon, and retrieval.
Different approaches to teaching students cognitive strategies are
described in terms of oossible combinations of instructional control and
explicitness of the strategy. Finally, techniques for implementation of
apsropriate aporoaches are considered. The Learning Assistance Center
(LAC) concent is viewed as the context for applying implementation
techniques in a systematic and long-term fashion; ircluding diagnosis
of individual student requirements and resources, prescription of an
appropriate combination of strategies, and ¥nstruction in how to use
them. It is proposed that LAC's might eventually be recognized as impor-
tant resources in Naval training. |

% ] i
_ ¥ o
TR No. 30
dusepht WO R gne, A b T e Un coygnitive sliatleyles for DFDC'
teat, Marce 137°
Cutrent [ [ DI = RV I I is hﬂlpg'ﬁd Ly Uhe ok of a ffdeif

otk within wrich tu s.ud  the efrects of a reader's prior knowledye
on his a1 her proces=ing or an unfamiliar text. As a result, most
reading research has cuphdsized perceptual rather than concentual
processing duriny reading. Evidence is cited in support of the claim
that various types of prior knowledge play important roles in under-
standing during te,t processing. .

Recenl developrents in cognilive psycholoyy and artitigial 5

intelligence have resulted in a new kind of model for conceptual pro-
cessing, calied procedural senantics. In this report, a framework is

laid for the application of the procedural semantics formalism to the
analysis of conceptually driven processing in reading. According to
this theory, two different types of conceptual processing units
(called schemata).are responsible for conceptually-driven pracessing
in reading. One type is the form-pchema, which accounts for the

i
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syntactic or formal expectations which peaple make use of in text
processing. i The other type is the content-schema, which accounts ¥or _
- the nature df readers' semantic expectations, Models for a small numbey
of specific;form- and content-schemata are proposed, and certats experi-,
mental and observatiopal evidence 1is explained in terms of these mudels.

‘ Impiiéatigns for effective reading strateqies for adult reading are
‘derived from the premises of the model. Several different kinds-of
reading strategies are characterized in terms of the 'model. When
readers employ single-pass strategies, they process the text in a
strictly linear, left-to-right fashion, This approach makes minimal
use of the potential.for conceptually-driven processing that could be
achieved through the activation of some high-Tevel schemata. In
exhaustive multi-pass orocessing, the first pass results in the activa-
tion of a number of form- and content-schemata which can sefve as an
_aid in subsequent passes, deriving expactations about the form and
meaﬁiﬂgjof what is about to be read. This technique can often be
wasteful of resources, since it does not actively direct processing
toward what is most important or least well understood. Extractive
multi-pass processing reflects a more effitient strategy for reading
an entire text. By using this technique, a reader “skims" the textin
a selective way on repeated passes, building up ‘such a complete under-
standing of the meaning of the text that the final reading of the text
is often a process of merely filling in the gaps in understanding.
This technique is often effectivelv used hy graduates of adult reading
improvement classes, Selective, multi~pass strategies characterize the
reading of those who know what it is thay want 1o know, and who are
under no constraint to learn all that might be Tedrned from a text.
In, this type of text processing, the reader begins the tdsk with the
intention of acquining some specific.information., As a result, 8
number of specific contept-schemata dre activated and are used to guide
Yhe order and the selection of those portions of the text to be pro-
cessed,

Several potential applications are suggested by the consequences
of the theory for L@ﬂgg@t&§11y=drivem processing in reading presented
here. These i1nclude possible uses for headimgs_in texts, means for
constructing advance organizers for texts, and trdining readers to
.make fre efrective use of texts by being sepsitive to their molivaling
tasks and by exploiting their capacities for generating expectations
about the meaning of the t%}ta through conceptually-driven processinu

\

R Ny ul

Allen Murino & Jusepl w Kigne, . A schema theory account of some wgnﬂ,ivs
processes in complex lTearnlng, July 1977.

Praocedural semantics models have diminished the distinction belween
data structures and procedures in computer simulations of human int61~
‘ligence. This development has theoretical consequences for models of

W 16 Y
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cognition. One type of procedura] semantics -model, calléd schema theory,
is presented, and a variety of cognitive processes are explained in

terms of the theory. In schema theory, the flow of processing contro]l

is determined not by a central monitor, but by interactions among the
conceptual entities (schemata) that make up the model. Schemata interact
by providing activation resources to each other, .

Instantiation is the special process whereby a partial copy of a
strongly activated schema is created. In this copy, the variables of
the schema are filled with particular values. Such copies make up
specific or episodic memory, The Schemata on which they are based
comprise generic or semantic memory.

Many of the phenomena of consciousness and of short-term and long-

© term memory are explained on the basis of the activation processes of

schema theory. Unactivated schemata are equivalent 'to all the unconscious
knowledge in a person's lunivterm memory. Schemata that are.activated,
but are below the threshold of instantiation, are in a preconscious

or subconscious state. Those schemata that are more fully activated,

that are above the instantiation threshold, are the stuff of conscious
thought, and may be thought of as roughly equivalent to the contents of
short-term memory. !

Conscious coynitive strategies are treated as the activations of
bstract prescriptive schemata. A treatment of creativity is presented,
long with the outlines of an approach to individual differences in
creativity. The effects of prienting tasks are explained in schema
theory, and the relationship between orienting tasks and self-direction
in complex learning and prablem solving 15 discussed.

a
a

Inference and depth uf urocessing receive related schema theory
treatments. Both concepts ave treated in terms of the extent to which
activation spreads to include related schemata. In general, the more
amata activated to the level of instantiation by some datum, the
teaply processed that datum is. [nference 1s seen as a kind of

W
[

. O
LAy X

e e
telayed dovper processing.

Types of Instght pheoeena Trom severdl wunleals can also be
Loeated in schema thea.y  Lach uype of insignt invalves the instanti.
tion of one or mo.e new schenata that| take some pre-existing concept

in memory as a paraaele:

Three diwenstuns for SIS LTaagdShing ur cOompar Ty schemata are
proposed: function, abstractness, fnd scope. The contrasts between
multi-store models of coynition afd schema theory are summarized.

\
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Lynn Gordon, Allen Munro, Joseph W. Rigney, % Kathy A. Lutz,
summaries and recalls™for three types of texts, May 1978.

A theorétical orientation for the study of different types of
texts is presented. . Schema theory is proposed as a useful mgta-theory
within which ta develop specific theories about reading. Both theories.
about processes of reaging and theories about the structure of what is
read can be readily formulated in schema theory terms. It is proposed .
that readers make judgments about the types of texts that they read and
that these judgments bring about the activation of expectations with
respect to the structure and meaning of these texts.

Previous work on the structure of texts, primarily for simple .
narratives. is reviewed. Problems with earlier forralisms and scoring /

methods are discussed, and heuristics for avoidihg these problerms arg "
presented.’ S T R

Three types of texts were Selected for study.  One type was -the
simple short-story, a type closely related to (and, in some cases.
identical with) the kinds of texts studied by other researchers. The
second type studied were instructions. The third type was definitional
explanations, a type well characterized by popular science articles.
Detailed analyses of the text gtructures and text semantics for eight
texts (three stories, two instructions, and three defipitions) are
presented. Texts of the different types differ from:egch other in

~consistent ways on two dimensions. First, the text structures of
definitions tend to be organized horizontally -rather than vertically,
ac are the text structures of stories and instructions. Second, the
semantic rebresentations of stories are campcéed‘SF(specific concepts,
in schema theory terms, while the semantic representations of instruc-
tions and definitions consist primarily of generic concepts. On the
basis of these differences among thé texts, we predicted that stories '
would be better remembered than instructions, which would, in turn,
be betie: remerbered than definitions. Three experiments were con-
ducted to teést this hypothesis.

In EJ\SJQr'iannL I subjJedls read and ‘:au,l)liﬂdv’iiéd six texts and
later recalled threc ot these Texts. Analysis of the summary datd
indicates that texts of different types are summarized to about the
same extent. lhe recall’data, however, suggests that text type may
determine thé amount recalled. Analysis of the recall data chowed that,
although stories were remembered best (as had been predicted), the
propositional content of definitions was remembered better than that of
instructions. 1t was hypothesized that rereading and summarizing may
have had a ditterentially facilitative effect for later recall, bene-
fiting the recall of definitions more than instructions.

-
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In order to test this hypothesis, Experiments 2 and 3 were
performed. Subjects heard tape recorded texts (in Experiment 2 the
same set of taxts used in Experiment 1; in Experiment 3 a somewhat
different set), and, after performing a brief interfering task,
recalled each text after hearing it. They were therefore not able to
reprocess texts as they had been able to in Experiment 1. In qeneral,’
the results of these experiments confirmed our predictions:. stories
were recalled better than instructions, which, in turn, were recalled

‘better than definitions. Subjects' recalls in these experiments were \
also scored for the amount of reordering of the textual materjal. (
This analysis showed a very powerful effect due to text type. Recalls
of definitions showed significantly more reordering than did recalls
of instructions, which, in turn, had more reordering than did the
recalls of stories. These results are also in accord with our theory
that stories have more hierarchical, differentiated text structures
than do instructions or definitions, and that definitions have less
hierarchical structures than do instructions. .

Subjects in these two experiments were also requested to cluster
the texts in natwal groups according to their types, as they per-
ceived them. Their groupings were remarkably consistent with oyr own
classifications. ;

The research presented demonstrates the need for a more thorough

investigation both of the nature of people's expectations for differences =
in different types of text, and of the effects of such expectations
on understanding and wewory. Furthegirésearchw~is also needed to explore
the hypothesis tnat, texts of diff%reﬁt types may benefit differentially
from the arplicatidngs particulan learning strategies, such as re-
reading and surmarizing. !

|
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VI. MEURISTIC TECHNIQUES FOR LOGICAL
"PROBLEM SOLUTION

This ﬁeseé%ch-effort was pursued From;February of 1977Lt0 June

W'ﬁ?;'}&:: 1973 DngD1ng BTL interest 1n the nature of cognitive process1ng '

\

.du 1nq troub1esha@t1ng act1v1t1es m@t1vated a series Df stud1es on

f,how* Eop1e 'solve verbaT 1Dg1c prob]ems Twc techn1ca1 reparts were

L?prﬁduced The first report descr1bes an 1n1t1a1 eva1uat1on of twa
computer programs des1gned to a1d human prob1em so]vers Exper1ence
with thete programs and W1th thé 1ntraspect1ve repcrts of 1Dg1c prob1em

'§o1vers 1ed tD the Pas1ng of two basic quest1cns f1rst, what factgrs

in these prob1ems are pred1ct1ve of their d1FF1cu1ty, and, Second
areded, '

' what strateg1es can be taught to 1mpr0ve prob]em Sa1v1ng performance?
_¢1sﬁ’ *ﬁhe exper1ments reparted in the second techn1c31 repart (ND 87) L
’ prav1ded paft1a1 answers to these quest1on5 It appears that one DF
the most 1mportant predictors Df success in the 5D1ut19n of these’
pfab1ema was the subject s ability to convert the Vérba1 renre;entat1an'
_vtD some’ more 1oq1ca11y map1pu1able representat1on Those prob1ems

wh1ch were cauched in such a way that such a tran51at1on was: made more

diff1cu1t were harder to solve.- A training system FDr improving 1og1c

prob1em sa]ut1on was dev15ad and tested, Experimenta1 results Sth
 that usé of the techn1ques d1d 1mprove perfnrmance Futgre effarts in

th15 domain ‘should concentrate on. transpcrt1ng the tra1n1nq SJEtEﬂ .

attr1butes to a rea1 wor1d dama1n, such as e1ectron1cs equ1pment trouble-

Aghoating_
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Nicholas'A. Bond, Jr., William T. Gabrielli, & Joseph W, Rigney.

© Studies of verbal.problem-solying: ~ I. Two performance-aiding .
' programs, August 1977. - = 9 ‘ S o A

~ Two computer programs.were written to ’provide on=1line aiding to
human problem solvers. ‘Both programs were written in time-shared BASIC,

and were designed for "membarship" problems.r In this kind of problem,

¢ . there are several English sentences and implicit in the sentences are.
various relations; the task 'is to infer a membership structure that is .

~ compatible with all the. logical constraints. Membérship problems may
) be cast in various settings, such as’ a murder mystery where a culprit is

. to-be identified: - . ST

P

. Ohe program (FIRSf) was based.on Findler's "Universdl Puzzle
Solver" concept;. the other (GABE) used Warig's theorem-prover logic.
In both' programs,’ the human operator converted English, problem sentences
to logical membership relations.. The programs kept track of all rela-
tions entered, .indicated when more data inputs were needed, and scored
whether a correct answer was achieved.’ : S
_ 0f the two programs, FIRST appears.to be most feasible with™ S
_ordinary college subjects. It accepts- logical -inputs in a near-English
format, and shows current logical status of a problem via tabular arrays
“of X's and 0's. The present version ‘of GABE used a strict "n, q,-r"
logical notation; college subjects find this difficult, and unsatis-
. factory. ‘ - v _ -

The structure of .the FIRST program suggests a "depth-gf-inferencé”
measurement technique. -When all possible logical paths in a membership
problem are known, the "depth" of any given node in the path can be
obtained from probability-of-success numbers-at that node; also it
agpears that'a subject's logical progress along a path can be computed

~ and displayed. Further empiricdl work will explore the usefulness of
such depth measures for scoring individual perfarmances, and for
teaching problem-solving -heuristics in technical materials. - - .

" TR No. 87 o

_ \ | S “

Nicholas A. Bond, DonaTdIMcGregDr,“Kathy'Schmidt,bMary:LéttfmoPé;:S
Joseph*W. -Rigney, Studies of verbal problem-solving: II. Predic- -
tion of performance from sentence-processing_scores, June 1978,

In complex reasoning problems of "the who-dane-it" type, four
distinct solution processes were identified: -




|
(1) intra-sentence or word-into-symbol prccessing,rwheré the |
solver converts the” verbal information into strict logical,
relations; . _ »y ‘ : O /

(2) inter-sentence processing, where . the subject hias .to combine
.. the Togic from two or more sentences in order to obtain new
~inferences; T : ., (
C & . o )
(3) ordering of problem variables into some rank or numerical
© ordering scheme; o ' ' ’

¥

cq]lectigi‘the logical -relations into a reliable format
that will reduce’ the memory load -and facilitate -the -
"where-to-1ook-next" decision. Lo ey

This study explorged the extent to which separate 5COres.on these processes
- could predict performance on difficult problems .. BT _ '

_ . . . L
‘ " Scores on the sentence-logic items correlated well (r=:68, N=34)
“\with number of reasoning problems solved, as did the ordering score’
© (r=.75). These scores, then, presumably are "closer" to the -actual
- performance than are verbal scores such as ‘McGraw-Hi11 Reading Rates =
{r=:40 to .50). Individual timing of inference responses showed that

subjects often had Tong pauses. during inter-senténce processing, whereas
intra-sentence responding was relatively fast and regularn. The inter-- . .
sentehce portions of the performance appeared to be key discriminators
between success and failure. v : . .

. A small training experiment was. carried out with seven
who were matched on reading scorés with the previous group. Th
jects were given six hours of intensive, individual practice
processes; a standard matrix format was used, and five rules
were taught which were supposed to facilitate inter-sentence reasoning. . -
The trained people did.show improved sentence-logic scores (median about
 40% over the comparison group); and if a large reasoning problem contained

“only straightforward sentences, then the training was very effective.
‘In fact, all seven subjects solved correctlya 4-dimension, 5-variable
negative=-disjunction problem within a few minutes. For those problems
which hinged upon appreciation of verbal subtleties, though, the training
~did not help at all. - o . ‘ f )

The investigation supports the idea of. rapidly teaching some
"Jogical tricks" in higher-order cognitive operations; but the special
training only. works if .the problem material is cledn.and unambiguous.
One obvious extension of the study is to see if the same increase in
- performance can be produced in a practical-reasoning domain such as
troubleshooting of digital devices; anather extension is to Took more
closely at the verbal subtleties which so effectively prevent solution
of some large problem. S ' : o



VI MAI—NTEN‘A’NCE TRA"INERESIfMULATOR'-DeVELoPMENT

i

Work 1n th15 area preceded througheut the term of the eentreet
»bu11d1ng upen prev1ous reeearch on eemputer centre11ed tra1ner e1mu1eters :
a dene et BTL under DNR/ARPA ;unding Two teehn1ea1 reperte were Dreduced
These reperts deeer1be a rev1eed tre1ner s1mu1ater ee11ed the Genere11;ed
N Me1ntenenee Tra1ner=51mu1eter (GMTS), and repert on two f1e1d eva1uet1onsl
L;-ef the eyetem, The present contreet eupperted the deve1epment of the ‘
GMTS eyetem end pregremm1ng Deve1epment of daté bages end the eenduet ﬁ
of the f1e1d teete vere 391nt1y eponeered by DNR aﬁd by the NaveT
|Pereonne1 Reeeeech end Deve]eement Center .

The ph11eeephy of the GMTS eystem 15 that there ehou1d be a re1a—

t1ve1y Jow- cest, stand- e1ene eyetem Fer 1nten51ve prect1ee in treub1e-v

eheet1nge“ Furthermore, the herdwere énd seftwere ehou]d be genere1-'

, purpeee “That is, 1t<5heu1d'be DDSSTb1é to enter a data .base, for a new
piece ef equ1pment and prov1de etudente w1th pract1ce on the neghequ1p—;‘ N
:zmeﬂefwitheuttmek1ng ehengee to the hardware de11very eyetem-er the
-GM?E‘pfegreme " The twe teehn1ce1 reporte produced taken teéether,
lcenet1tute ev1denee thet GMTS has th1e genera1 nature - The system wee_.
ueed;firet to prev1ee practice in systems Tevel.troyb}esheetiﬂg‘in tHeh

. UHF eemmunieatiene'eide‘of‘the‘Fieet Cemmeﬁ%eetienehSyetem. The:system

was ,tested with this data base on twenty students eeeutffo enter ‘class C -

E

schools.. fhe second eia1uatien ef the system was perFeﬁﬁed with the *
AN/SPA-66 Redar Repeater, ten eubjecte used tb1e system for trouble-

, eheet1ng praet1ee, then werked actual treub]eehoet1nq problems 1neerted
qnte an AN/SPA 66 equ1pment In both cases the same herewete and GMTS |

program was ueed but w1th d1fferent data beeee

iza‘ 7, . En(i}



. " histories cons'ti: | 7
model of each student ‘to interact with that student. In addition to
. these features, GMTS is-uniquely suitable for use-in Class C school.

1

Development work 1s now proceding, under the sponsorship of NPRDC
and ARPA, to convert the GMTS system to current generation.hardware,. |
to. develop a few data base, and to implement and tgst=§hé.new system

in a Class' C school environment.

\ TR No. 89

Joseph W. Rigney, Douglas M. Towne, Carole A." King,,& Patrick J. Moran,

Field evaluation of .the generalized maintenance trainer-simulator:
1. Fleet communications system, August 1978.. :

The Generalized Maintenance Trainer-Simulator (GMTS) is a concépt .

2 for giving students in Class C schools intensive practice in trouble- v
* shootifig equipment -and’ systems taught. in those schools. It can be used .
" for.any device in which sigral paths and their relationships to controls,
i indicators, and test points can be defined. The GMTS uses generative
CAI. . That .is, it generates the interaction with the student by re-.
“ferring to his last, inputs and to its stored history of interactions

with him up to that point. . To the extent that these individual student .
stitute models. of individual students, GMTS constructs a

training. The computer program that implements the instructional,
system is indifferent to the specific equipment being taught. What -

- specific equipment that is simulated by the GMTS is-détermined by

loading two-data bases for that equipment:  one describing essentdal

internal features of the equipment and the other describing the external®

C - e VA S
This is a report of a field evaluation’of the GMTS applied to
systems level troubleshooting in the UHF communications side of the

Fleet Communications «System. Twenty Class A school Students waiting
to enter C schools practiced sdlving thirty=fivevtr@ubleshaating_ptob1ems;

Results were generally positive. The students became-uniformly more.

fluent at troubleshooting; mean times to solve a problem were decreased

 AN/SPAe6E radarAzipeater as the subject matter.

by a factor of two, and standard deviations of these times were decreased
by a factor of five. Also, students’ attitudes toward the trainer were
generally favordble. An additioral field trial isun?7rway;using the -

N

N
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Joseph W. Rigney, Douglas M, “Towne, Pé;rick J,vMoraﬁ, & Richard A.
Mishler, Field evaluation of the generalized maintenance

trainer-simulator: II. AN/SPA-66 radar repeater, November, 1978.

This is a report of a field evaluation of the Generalized Maintenace

Trainer-Simulator (GMTS) applied to troubleshooting the AN/SPA-66 Radar'

- Repedter. L : , o Ce | o

The GMTS is.a relatively low cost, stand-alone system for providing
intensive practice in troubleshooting. While GMTS is both hardware and
computer software, the computer programs and associated data base represent”
the essence of the GMTS concept. This concept can be applied to any . .~
equipment .or system by compiling-the particular effects of indicators )

" in various configurations and modes, and by preparing microfiche images

of the equipment in a multitude of normal and abnormal states. This

“information, ‘contained in a data base dedicated to the equipment to be
simulated, provides the GMTS program everything necessary to generate | |

and present meaningful interactions with each individual student. Since. .

the program itself doés not-contain data specific to any simulated -

system, the trainer-simulator is termed ‘generalized.’

This field test was the second to be condutted; the first involved
twenty Class A school students troubleshooting the UHF communicatiens.
side of the Fleet Communications System. . A major objective of .the
second field test vas. to demonstrate the generality of the trainer-
simulator, thus a camﬁ%éte1yﬁdifferent equipment. was-implemented. The:
data base for this target .équipment was constructed entirely by two -

- technicians who received brief trafning in GMTS data base formulation .
(whereas the data base for the first field test was assembled primarily
by the personnel responsible for programming GMTS). o

The field test involved ten subjects, each attempting to isolate
thirty~three simulated malfunctions over a sixteen-hour period.. Following
this practice phase the students were tested using an actual AN/SPA-68

~ with actual, inserted, malfunctions. . T

As with the first field test, results are generally positive.
especially. in relation to success in the test phase using actual equip-
ment. . Owing to the small sample size, however, this field test is more

“valuable in assessing the success with which GMTS can implement a wide- -
" range.of target systems. . . ' b
' L
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-’ VITI. ’.riecoMM'ENDATI_QNE IR /

AT ef the areae of research quSUEd under th1e contract have .
the: petent1a1 for preduc1ng praducte ueeful to the Navy 5pec1f1c,jA'
. reeommEﬁdat1on5 can be mede w1th reepect to five @F these research
‘afeasi the pruducte Df wh1ch d1ffer 1n the1r current app]icab111ty
Dne uf the research effortsi the deve1epment of the ma1ntenance tra1ner;
s1mu1ator, has y1efded a preduct wh1ch 15 eeeentza11y ready for imple-

'nTver1 ty of Navy schoe1 env1reﬁment5 The discussions @f

mentat1Dn

the f1ve

erranged rough1y 1n crder of the 1mmed1ete app11cab111ty of their

fsearch areas for which reccmmenQet1cn5 can be made ere

re5u1te, w1th the most 1mmed1ate1y app11cab1e research preducts dis-

o

cuseed 1aet.\

Inetruct1ena1 Sequence Dpt1m1zat1en |

The research d1ecuseed in Seet1an III above, }esu1ted in aL
system for Dpt1m127ﬂg an 1nstruct1ena1 sequence w1th respect to tTme
ina EAI egntext | Nh11e this method did not~preeume that time was the
on1y cruc1a1 resource fer Dpt1m1zat10ﬂ, the work demonstrated the.
diff1gu1ty of exper1menta11y exere1z1nq an optimization techn1que 1nA
which GﬁTy a sub set of acknowledged key variables are. 1nva1ved Other
fecters which, sheu1d be’ 1nc1uded 1n the 0b3ect1ve funct10n 1nc1ude the

a cost of an 1netruct1ana1 eequence, the e1er1ty Df targeted cencepts in~ -

the 1n5truct1ona1 dome1n, end perfermanee meaSuree of che E'tuderﬁc

grasp of the instructional content.

26~




-t%gng.reapcnsTbTE for, vast

amounts of techn1ca1 1natnuct1an w111 maka
1ncreaaing use of CAI systems in the Future Featuras of. CAI wh1ah W111

mat1vata such greatar ut11 zatTQn w111 include 1aw cost, standand1zad |

x1natruat1cn, and the appor unity for time- aav1nq but 5t111 1nEXpEﬂS1VE .

1nd1v1dua11zed 1n5truct10n% As the axtent of CAI graws 1n the: armed
services 1t w111 become ever more 1mpartant to be able tom _gggg§!1nstruc=
t1on in autnmat1c and cast- ffactiva ways One aapect af such effective .
management w111 be instriuctional aaquanca apt1m1zat1on ATthaugh tha

rasu]ta oF tha raaearch carrﬁad out to data do not Juat1fy an 1mmad1ate
s :

, dave1npment pragram ta pradu e a comouter managed 1natruct10na1 aystem o

_us1ng 1natruct1ona1 aaquance optim1zat1an tachn1qua5 Far “the Navy, the

fp@tant1a1 benef1ta ta be darived Fram avantua11y 1mp1ement1ng such a

aystem are graat Support GF furthar raaearch in the area, particu1ar1y

raaaarch empnaa1z1ng aavara1 aaturaa aF the 1nstructiana1 aequanca to

be apt1m1zad, is 1nd1§atad@

:Heur1at1c Tachn1qua5 far Prob]am SD]Vlﬂg

R

ShOWﬂ that 1ag1ca1 arab1ams cauahed in varba1 Farm may prasant pécuiﬂar
abatac]aa for solution beaausa of that Farm Th1a is an issue of con-

cern for tha m111tary, because many tachn1ca1 prabiems and preparad

. 1nformat10n sources for- SOTV1ng tachn1ca1 pr0b1ema are prasanted in

-a varba1 Farmat A tacbn1c1an who must operate or troubleshoot an
aTectrOn1c dewcei for examp1e, is 11ke1y to taTk and tthk about his

actians in qua11tat1va verba1 terma H1§ attempta "to validate his .

we7- o



A‘:‘-. .
':interpretat1an5 of the resu]ts af his tests Df the equipment may be
confirmed, gu1ded, contrad1cted or frustrated by the 1nfarmat1on Tn_
._aﬁ§erba1 fnrmat 1n techn1ca1 manua15 Our resu1t5 1nd1cate ‘that w1th
_ "c]ean" prab1em (that is, one that s we11 def1ned*and expressed in -
;»S1mp1e dec1arat1ve EEﬁtenCES) a?moét any: regu?ar a1d1nq format W111 T
assure rap1d and accurate solutioh. Th15 resu1t 1eads tD the pract1ca1
pcss1b111ty of requ1r1ng techn1ca1 mater1a15 to be: written in Such a
way that the text isclean.’ _V o

. In the campTex verbai puzzle prob1em dDma1n, a key skill is the
1dent1f1cat1an of phrases wh1ch essent1a11y 5p11t the prchem 1nto
5ma11er and more manageab1e parts For 1nstance, qf. the prab]em has B
~ six variables wh1ch have to be scrted Qr 1dent1f1ed in some way, there
are often ane or two key sentences wh1ch perm1t 51mp1e categor1zat1on
of these var1ab1es 1ntD 5ubc1asses The ék?]Ts required to identify and
to exp1a1t these h1gh 1nfarmat1on sentences have not.been studied, but
‘ there is reascn/to expect that such sk1115 are hiqh1y deve]@ped 1n the_
truTy expert prob1em 5o1ver Perhaps the skill is ana1ogou5 to that
shown by the traub]esheater wha makes a few rapid narrowing-down checks
to atta1n crude 1so1at1on of a ma1funct1gn - Once identified and under—v

oy
stood, guah skills should be exp11c1t1y taught ta students such as

ians, who must learn to be effective,

e1e¢tran1ﬁs equ1pment teahn1
prcb1em solvers. F

A second major aspect of the TESEEFQh f1nd1ngs in th15 area has
to dD W1th the use of automatr problem-solving aids. Comp1ex intel-

1éctua1 taSks suych as comb1n1ng prcbab1T1ty information, ccntr5111ng

. several aircraft, or troub1eshoot1ng e1ectr0n1c equ1pment could be made



: : : : b
' eas1er for. those a551gned these tasks through the use QF apprapr%ate :
computer based aid systems Suth 5ystem5 wcu1d perform mahy 11hrary,
ca]cu1at1ng, and bo@kkeep1hg chores, the’ ccntra111ng humans w0{1d, |
afﬂcourse,v make the dec1s1ohs and céntroT the écurse of prDc ssmgr

Qur research in this -area can be th@ught of as f1r5t step t ward ./

prev1d1ng autoﬁﬁt1c systems to a1d 1n*1agic31 pFobTem 5@1ut1h .
is required now is an engrt to deve10p such aid1hg dEV1CES th prac—

tical m111tahy tasks and to te%t the1r effe:t1veness

.V1suaT Ana1og1es

7 The research reported in Section II y1e1ded resu]ts wh1ch suggest
app11§at1ans to the development QF CAI technical SUbJECt matter c@urse—
iwahe CAI perm1ts~the use hf 1htéhact1ve ‘graphics d1sp1ays to he]p

“ chvey the nature of camplex pFOCESEES to studEhts The ‘results of
bur hese;rch 1nd1cate that the use of such d1splays is most efFective
Fgr*1n1t1a1 presentat1oh of the concepts Interactive ghaph1c5 is .
less useful as a rev1ew dev1ce for student. use. The research has shown
that a mDre eFfect1ve post- préSEhtat1ah Tearning aat1V1ty is gu1ded
student recahstruct1ah of a graph1c d15p7ay | Th1s can be acc@mp11fhed
thrcugh the use oF a tauch pane1 or a sonic pen dev1ce e1ther DF wh1ch 13
taPes advahtage af the students' ;natura1 pointing responses. FuFthEF}
research 15 naw heeded to determine what k1nd5 of complex topics |
beneth mgst from 1nteract1ve graph1c5 prégentat10n and from student  -
recon%truct1an of graphics. §£fh findings “could then ‘be app11ed to. thér

_teach1ng of Navy technical 5ubject matter. N E -

The Tow costs and other attract1ve features of CAI are 11ke1y to
ensure ihcreased use of thishinstruct1an§1 tehhh1qug and medium in the

-29-~
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armed Services These Features, hawever, will not necessar11y ensure
fthat the mos ¢ effect1ve use of the capab1]it1e5 of the. 1n5tructiona1
camputer 5y5tem w111 be used. It is possible’ that, 1n some cases,'
attempts will be made to s1mp1& tranSpart a traditional tra1n1ng manua1 -
appraach tD the new CAI .courses. Such a course wau]d fa11 .to make use
of such Features as 1ﬂtEFaCt1Ve graph1cs Dur resu1ts have shown that
:th1s féature can 1mprove 1earn1ng over a more trad1t1cna1 apprnach
;ilFurther research cou1d be expected to 1ead\tc thevproduc;jgn of gu1d5a
Tines for the effective use of. interactive gfaphicg'énd éuidedrstudent
constructed grabﬁic§;‘ Implementation of 5uch‘guide1iﬁes would ?hén.1éad

to more effective CAI courseware.

Cogn1t1ve 5trateg1er for Text Precessl_g

' Toward the end of the course of resedrch rep@rted in Section V

‘, an unant1c1pated resu1t was d1sccvered tﬁat may have 1mpartant app11caa

t1ons to the use of texts }DF instructional purposes The results of

| three exper1mént5 1nd1catea that understand1ng of and memovy f .the
contents of d1fferent types of texts benéf1t d1fferent1a11y frzz par-

_t1cu1ar text- pFDCESE1ﬂg techn1que5 rFor Examp1e memory for texts

; that have an exp]anatory nature benefits from the processes of re-

reading qu summarizing texts. Memory for instructional tEftS is not

sﬂgn1f1cant1y 1mpraved through such’ te£§n1ques These f1ndings must be

thought of as tentatWeg but if’they .can be rep]1cated in experiments

of the apprcpr1ate des1gn, their 1mp11cat1ons w117 have obvious app11ca—

tions farhm111tary instruction. Either. QF two methads cou1d ‘be - Expéctéd.

‘to érbve the more eéfecljyemeans of using the resu1ts to imprgve 1earnrw

ing from %nStructional texts. Texts could be ﬁreéared which iﬁcarporate

' 36



directians to the_'tudent as to wh1ch techn1ques should be app11ed to
each segment of ext in order to maximize learning Frcm that segment
A1ternat1ve1y, students could be tra1ned, Ln a shart course. tD reccg—;
nwze texts. oF each maJDr type and to app]y the apprbpriate techniques._
Further research is requ1red before either of these methbds could be
7deve10ped for app11cat1on in Navy schools. First, more must be 1earned
;abaut the re1at1onsh1p5 between text type and effect1ve text processing
-Iﬁechniques . Seccndi expErTmEntS must be perfarmed to learn whether the »5
improvement in learning from Navy texts brought about through the use 5 -.@?'X
of these techn1que5 is suff1C1ent1y great to Justify the deve]apment i
Qf an app11iat1ani Third, 1t must be determined how these F1nd1ngs
may best be applied.- The app]ﬂcat10n of the F1nd1ngs of such a resea}ch
\,pr09ram caﬂ be expected to measurably improve the’ eFf1c1ency w1th which ~

m111tary students 1earn from teghn1ca1 documents.

The Genera]1zed Malntenance Tra1nera51mu1atar

\ The ge%gfa11zed maintenance trainer- 51muﬂatpr (GMTS) is the end-
product oF many years of research funded by the 0Ff1ce of Nava1 Research _:'
“and the Defense Advanced Research Prcgezts AgéﬂC;! The research ﬁan- o
ducted on. this ‘contract has $hown that GMTS is an effective way of in- R
creasing the amount of troub1e5h06t1ng pract1ce on particu1ar equ1pments “
for Navy electronics 5tudents It also provides the capability of
simulating a w1der range of troub1eshaat1ng experiences that can be”
prgv1ded gract1ca11y on real equ1pment, The research has shown . tHét
data bases for néw'types of electronic équipment can be prepared for
the GMTS system by 5ub3ect matter experts who are not computer programmers.

Two F1eld evaluations 1n Navy schools have shown that use af GMTS results

i
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‘-{n mare'effic{eﬁtwusé af studénts's;time aﬁd in tipe sayings for Navy
instruttafs,:whi1é:bfoviding studentsﬂwiéh extéﬁsive: act%cé at 1Qwﬁ
The GMTS system is essentially ready for genera] use 1n Navy
Class C schco1s§ Unf@rtunat@Wy; however, in its current 1mﬁ1ementat10ﬂ
v1t makes use, of outmoded and unre11ab1e camputer equ1pment Behav1ora1
Techno]agy Laboratar1es began research on a new coHtract, jo1nt1y W
funded - by the Nava1 PEFSDHHE] Research and Deve1gpment Center‘and the
‘.Defense Advanced Research. PrDJEcts Agency, on Séptember 30, 1978
(NO0123-78- C- 145?) to (1) deve1@p the GMTS software on currEﬁttgénefatian
i'hardware '(Tefak 851D/é m1crcc0mputer) (2) prepare new data bases for
Jthe ﬁew GMTS gsystémS andi(B) to implement and test the effe¢t1veness af
the new syétem in a Class C scho@1 The deve1apment of the new software

i

‘will have 5pec151 cgnsequences for the future and ongoing usefu1ness of
E'the_GMTS system to the Navy The new écftware will be transpgrtab1e

to ofher compuzérs therefofe, the EMTS system will be pﬁctezted aga1nst
hardware ob501e5cence This will be accgmp11shed by-deve]ap1ng the new.
GMTS saftware on the UCSD Pascal operating system a virtua11y-ma¢hine%'
' gnggpgndgnt Dperat1ng system for micro- and mini-computers. k ';
WE_reéommend that, once the initial development phasevof the new ;

GMTS system is complete (apﬁrdximateiy October 1979), data base'develaps

iment for a var1ety of Navy Electronic equ1pment5 be deveTaped Fcr W1des  x3l_1

5
" .spread use in C1a55 c schDD]s We fyrther reé@mmEnd that research on

the potént1a1 usefu11ness Qf the GMTS system in Class A schga15 be o
CDﬂdUCtEd The GMTS system can be expected to serve as an 1mpartant

component of a11 Navy e1EﬁtrQn1c5 equ1pment maintenance tra1n1ng
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